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Abstract ; In the process of integration of processing and measurement, the optical on-machine measurement accuracy is seriously affected
by the oil film formed by cutting fluid remaining on workpiece surface. The existing error compensation methods generally require the
prior information of the oil film, such as composition, thickness, etc. Nevertheless, this information is hard to obtain in real time due to
factors of processing and random distribution of cutting fluid. For these reasons, a displacement error compensation method for surfaces
with cutting fluid adhesion based on multi wavelength laser is proposed in this article. First, a multi wavelength laser measurement
system is designed and set up based on laser triangulation, which can measure the displacement of the same measured point by using
multi wavelength laser. Then, the Cauchy dispersion law is introduced to establish the analytical relation between the optical system and
the laser wavelength. Next, the inherent difference property of multi wavelength laser measurement is deduced, and the error
compensation is realized. Experiments are performed according to the method in this article. The experimental results show that the
absolute value of measurement error after compensation is less than 0. 01 mm. Compared with the uncompensated measurement data, the
error is reduced by at least 92%.
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Fig. 1 Measurement principle of laser triangulation
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Fig.2 Model of laser triangulation system based on

multi wavelength cooperation
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Fig.3 Measurement model of cutting fluid film adhesion
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Fig. 11 Comparison of multi wavelength measurement data without cutting fluid adhesion
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Fig. 12 Influence of oil film with different thickness

on laser measurement
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F1 IHREMEBKHIRER
Table 1 Experimental results with clean water attached

to the workpiece surface

x3 IHREMEBTERHKTEER
Table 3 Experimental results with cleaning fluid attached

to the workpiece surface

mm 635 nm 520 nm 405 nm

AMEEI MR RETRE
{H/mm  #/mm B0 /%

FrEfE/ MR/ mm AMESEI TR RE TR
mm 635 nm 520 nm 405 nm  fH/mm  ZE/mm F5ME/%
39.899 39.641 39.629 39.608 39.892 -0.007  97.29
40.105 39.847 39.835 39.814 40.098 —0.007  97.29
40.301 40.043 40.031 40.010 40.293 -0.008  96.90
40.503 40.245 40.233 40.212 40.495 -0.008  96.90
40.708 40.450 40.438 40.417 40.699 —0.009  96.51
40.905 40.647 40.635 40.614 40.895 -0.010  96.12

®2 IHREMEVIHIGHIKRER
Table 2 Experimental results with cutting fluid attached

to the workpiece surface

bRt AMEITG /M0 MR WIEHE R R
mm 635 nm 520 nm 405 nm  E/mm Z%E/mm FHARIL/%
39.899 39.718 39.706 39.688 39.892 -0.007 96.13
40.101 39.920 39.908 39.890 40.094 -0.007 96.13
40.303 40.122 40.110 40.092 40.296 —0.007  96.13
40.502 40.321 40.309 40.291 40.494 -0.008  95.58
40.703 40.522 40.510 40.492 40.695 -0.008  95.58
40.904 40.723 40.711 40.693 40.896 —0.008  95.58
17.01 635 nm
16.5F ’/-520 nm
16.0 ',"’4‘/’405 nm
/ //
g 155 pd
g "/ /
@ 150
g
= 145
pd
14.0 /
sl
e
13.0
380 385 39.0 39.5 400 405 410 415
PrAE(E/mm
(a) RTEA S HB

(a) Surface free of impurities

39.896 39.784 39.776 39.760 39.904 0. 008 92. 86
40. 115 0. 008 92. 86

40. 310 0. 007 93.75

40.107 39.995 39.987 39.971
40.303 40.191 40.183 40.167
40.503 40.391 40.383 40.367 40.510 0. 007 93.75
40.708 40.596 40.588 40.572 40.715 0. 007 93.75

40.907 40.795 40.787 40.771 40.913 0. 006 94. 64
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Fig. 13 Comparison of measurement results with impurities
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